Abstract -Expert System (ES) as a branch of Artificial Intelligence (AI) methodology can potentially help in solving complicated power system problems. This may be more appropriate methodology than conventional optimization techniques when contradiction between objectives appears in reaching the optimum solution. When this contradiction is the hindrance in reaching the required system operation through the application of traditional methods ES can give a hand in such case. In this paper, the knowledge-based ES technique is proposed to reach near-optimum solution which is further directed to the optimum solution through particle swarm optimization (PSO) technique. This idea is known as Hybrid-Expert-System (HES). The proposed idea is used in getting the optimum allocation of a number of distributed generation (DG) units on Distribution System (DS) busbars taking into consideration three issues; reliability, voltage sag, and line losses. Optimality is assessed on the economic basis by calculating money benefits (or losses) resulting from DG addition considering the three aforementioned issues. The effectiveness of the proposed technique is ascertained through example.
I. INTRODUCTION
The problem of optimum allocation of DG units is one of the most challenging problems emerged since the advent of DG technology in DS. This is due to the inherent characteristics of the electric power systems with their contradicting behavior. As an example, raising the generating capacity of the grid may lead to improving voltage sag phenomenon at some busbars and -at the same time-impairing this phenomenon at other busbars. Another example is the case when seeking at getting the optimum placing of a number of DG units which minimizes the overall transmission losses. This placing may not achieve the required reliability level, or, at least does not verify the best possible reliability indices. Many other contradictions are found among grid operation, control, and protection. Although most of literature about the problem of DG allocation deal with radial systems which are relatively simple [1] [2] [3] [4] [5] . The problem is still complex and needs some assumptions to simplify the solution. In many cases these assumptions limit the usability of the suggested methods and the benefit gained from them. On the other hand few authors consider ring and interconnected systems which add more complexity to the problem [6] .
It becomes an agreement among all authors that the Artificial Intelligence (AI) techniques are the only suitable methods for solving the problem of optimum DG allocation. Conventional optimization techniques cannot be applied because of the non-convexity of the objective function and the different nature of the problem variables which contain electrical, statistical, and economical variables. However the common drawback in most of the AI optimization methods is that these methods do not have a robust algorithm which assures that the solution is the absolute minimum (the least value) in case of minimization problem. This is similar to the case of nonconvex objective function in conventional optimization. This paper suggests utilizing Hybrid Expert System (HES) for improving and accelerating the solution of optimum DG allocation either by conventional optimization methods or by AI techniques. ES is not an optimization technique rather than it helps in getting adequate and quick pragmatic answers for problems that defy effective solution. In the present work a rule chain containing heuristic rules is adopted to help in getting a "near optimum" DG allocation.
III. PROBLEM FORMULATION
The problem can be stated as follows: "It is required to get the best possible allocation of a number of DG units at busbars of a DS taking into consideration three factors; line power losses, voltage sag and reliability". As a common practice, the objective function of the problem is derived on the form of cost function of loss costs of the followings:
1. Loss cost due to transmission power loss (CL).
This cost reduces by reducing transmission line power loss.
2. Loss cost due to load isolation by undervoltage protection resulting from S.C. occurring somewhere at any busbar in the DS (CV). This cost may be reduced by minimizing the effect of S.C. occurring at one busbar on the transient voltage drops at other DS busbars.
3. Loss cost due to load interruption (CR). This can be minimized by maximizing the reliability indices at the grid loads.
Mathematically, the problem can be written as:
Conceptually, the calculation of CT is based on the following functions:
4. Load flow: this function uses any traditional method such as Newton-Raphson and Gauss-Seidel methods from which TLL is calculated. DG are modelled as PQ busses. Hence, the first part of equation (1) is calculated as follows;
5. Voltage sag: this function determines the grid buses which will be tripped by undervoltage relays when a three-phase S.C. occurs on one bus in the grid. This is calculated for S.C. on all buses, one at a time. Expected loss cost due to voltage sags is calculated as:
6. Reliability; Reliability assessment in radial DS is relavively simple as load connected to any bus requires that all components from the supply point be avaliable. However, this concept cannot be applied to the case when both main substation and DG feed the grid at the same time as the grid becomes no longer radial. For this reason, most of researchers assume one DG only for reliability assement and allows the DG operate independently (island) where the main power is not present [7, 8] .
However, two issues have to be considered in order to simulate practical requirements. These are:
1. Some distribution grids are fed from more than one point. This makes the grid as ring or even interconnected configuration.
2. It is essential to evaluate the reliability indices at load points considering both DG units and main supply feeding the grid at the same time. This represents most of practical applications.
The two aforementioned issues violate the condition of series reliability and draw attention to the importance of reliability evaluation of ring and interconnected systems. In the present work, reliability of ring and interconnected network is calculated following the method suggested in [9] . Cost of load interruptions resulting from forced outage of any component in the DS is calculated as
IV. HYBRID EXPERT SYSTEM
Rule-Based Expert System is a branch of Artificial Intelligent system created to solve problems in a particular domain. It has been developed to assist in finding pragmatic answers for problems that defy effective solution [10] . All knowledge in an ES is provided by people who are experts in that domain. ES may contain heuristic rules which differ from other rules in that, they are not formulated as a result of ordinary accepted knowledge but are rules that only an expert would know. In general, to create an ES a team consisting of expert and knowledge engineer gathers the facts, rules and heuristic rules for a domain and organizes them into an AI program. The same problem may find different solutions according to the ES used in this program [11] .
As a matter of fact, not all problems can be or should be solved by mean of an ES. Further, even among those solution by ES is appropriate, the results found may be marginally accepted. In this paper we suggest HES to improve results and reduce the calculation effort. The proposed methodology utilizes ES first to get-near optimum-solution to the problem under study, then this solution is considered as the initial population for the PSO method. In this work, a rule chain containing three heuristic rules is adopted to help in getting near-optimum solution for the DG units allocation which can be taken as starting populations in the PSO technique. These are:
Rule #1 IF Node has high load and it is connected with high resistance lines.
THEN
Begin with this node for DG installation for loss minimization.
Rule #2
IF
The cost of load tripping at the node is high and the load is critical.
THEN
Installation of DG at this node has the second preference.
Rule #3
IF
The grid is highly interconnected.
THEN
The issue of reliability has less importance in DG allocation.
V. PARTICLE SWARM OPTIMIZATION
PSO is a branch of AI systems emerged in the last three decades as an efficient method of optimization [12] . It is characterized as a population of random space. A particle's location in the multidimensional problem space represents one solution for the problem. When a particle moves to a new location, a different problem solution is generated. This solution is evaluated by fitness function that provides a quantitative value for the solution's utility.
The velocity and direction of each particle moving along each dimension of the problem space will be altered with each generation of movement. In combination, the particle's personal experience and its neighbors' experience influence the movement of each particle through a problem [13] .
VI. CASE STUDY
The proposed problem structure was tested on the IEEE 14-bus system given in [14] . Table I contains the system lines and loads raw data RESD © 2017 http://apc.aast.edu Table 1 . system raw data
The system contains five generators. The first one which is the slack generator is connected on busbar 1. The second one is fixed on busbar 2. We are seeking at getting the optimum allocation for 3 DG units (G3, G4 & G5) each of 0.1 p.u. power output and 0.1 p.u. reactance, on three busbars of the grid which minimizes the value of CT. Table II shows the DGs data in p.u. three heuristic rules of the ES is applied. Rule #1 recommends starting with node #8, rule #2 recommends node #8 hence node #12 followed by node 14. Rule #3 recommends node #9. Combining the three ES rules suggests starting population consisting of nodes 8, 9, and 12 which reduces the number of PSO iterations from 34 to 9 iterations only. 
VII. DISSCUSSION
This paper is based mainly on economical consideration when dealing with DG allocation on DS busbars. The main conclusions which can be extracted from the present work are: 
